Non-alcoholic fatty liver disease (NAFLD) associated hepatocellular carcinoma (HCC) incidence is increasing worldwide, paralleling the obesity epidemic. Although most cases are associated with cirrhosis, HCC can occur without cirrhosis in NAFLD. Diabetes and obesity are associated risk factors for HCC in patients. Given the sheer magnitude of the underlying risk factors (diabetes, obesity, non-cirrhotic NAFLD) screening for HCC in the non-cirrhotic population is not recommended. Optimal screening strategies in NAFLD cirrhosis are not completely elucidated with Ultrasound having significant limitations in detection of liver lesions in the presence of obesity and steatosis. Consequently NAFLD-HCC is more often diagnosed at a later stage with larger tumors and reduced opportunities for curative treatments as opposed to HCC in other causes of cirrhosis. When HCC is found at a curative stage treatments including liver transplantation, resection and loco-regional therapies are associated with good results similar to that seen in HCV-HCC. Future strategies under study include the use of chemopreventive and antioxidant agents to reduce development of cirrhosis and non-alcoholic steatohepatitis (NASH). Strategies to reverse NASH via weight loss, control of associated conditions like diabetes are key strategies in reducing the increasing incidence of NASH-HCC. Novel therapeutic agents for NASH are in trials and if successful in achieving reversal of NASH will be an important strategy in reducing NAFLD-HCC.
Said A et al . NAFLD and HCC a more advanced stage than in hepatitis C virus (HCV). Challenges include earlier recognition of cirrhosis in NAFLD to allow earlier screening for liver cancer. NAFLD also has a higher proportion of HCC occurring in the absence of cirrhosis. Given the sheer number of patients with noncirrhotic NAFLD, screening for HCC in this population is not practical. Instead prevention and treatment of nonalcoholic steatohepatitis to prevent cirrhosis should be an important strategy. When NAFLD-HCC is found at a curative stage, results with liver transplant, resection and loco-regional therapy are similar to that seen in HCV-HCC.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has become the leading chronic liver disorder in the developed world, with a worldwide prevalence ranging from 6% to 35% [1] . The incidence of NAFLD is continuing to rise worldwide, paralleling the epidemic of metabolic syndrome worldwide. NAFLD is caused by an insulinresistant state, occurring in the presence of diabetes, obesity, and metabolic syndrome [2] .
EPIDEMIOLOGY
The incidence of hepatocellular carcinoma (HCC) in the United States and worldwide continues to rise, with an age-adjusted incidence rising from 1.5 to 6.7 per 100000 individuals in the past 30 years [3, 4] . The most recent Surveillance, Epidemiology and End Results (SEER) registry data show that the rates for new liver and intrahepatic bile duct cancer cases have been rising on average 3.0% each year over between 2004 and 2013 ( Figure 1 ) [5] . Most cases of HCC in the United States occur over age 50, with over 70% of cases occurring in men [4] and the ethnics groups with the highest incidence rates in the United States are Asian/Pacific Islanders and Hispanics (Table 1 ) [6] . In the United States, SEER registries 4929 cases of HCC between 2004-2009 were examined [7] . 14.1% of HCC were due to NAFLD and between 2004-2009 NAFLD-HCC showed a 9% annual increase. However, the rise in incidence now may be plateauing in the United States [8] .
RISK FACTORS AND PATHOGENESIS
Cirrhosis is the most common underlying cause of HCC, with 80%-90% of patients diagnosed with HCC having underlying cirrhosis [9] . There is new data emerging to suggest that NAFLD may be an independent risk factor for HCC, even in the absence of cirrhosis [10] [11] [12] (Figure 2 ).
Diabetes and obesity are known independent risk factors for the development of HCC. There appears to be a common pathway via insulin resistance and its subsequent inflammatory cascade in the development of NASH and HCC. HCC is increased in patients with diabetes [13, 14] as well as obesity [15] . In a prospective United States study of more than 900000 adults, overweight and obesity were associated with excess cancer mortality with an Odds ratio of 4.52 for liver cancer mortality in men and an Odds ratio of 1.68 in women. In a case control study of HCC, diabetes was associated with a 2-3 fold increased risk of HCC regardless of presence of other risk factors [8] .
Genetic polymorphisms (I148M) in the gene encoding patatin-like phospholipase domain-containing protein 3 (PNPLA3) is a known risk factor for histologic steatosis as well as NASH, fibrosis and cirrhosis [16] . It has now also been shown to be an independent risk factor for development of HCC with a meta-analysis showing that PNPLA3 rs738409 SNP is associated with an Odds ratio of 1.40 for HCC in cirrhosis including NAFLD [17] . The common genetic mutations of hemochromatosis (C282Y and H63D) have been implicated in risk of developing NAFLD and HCC as well. In a recent meta-analysis a significantly increased risk of NAFLD and HCC was discovered. H63D polymorphism was associated with increased risk of developing non-cirrhotic HCC in the African population [18] . Putatively this is due to increased iron overload leading to hepatic inflammation, fibrosis and carcinogenesis.
Insulin resistance also leads to release of free fatty acids (FFA) and other reactive oxygen species that cause oxidative stress and inflammation. Trans-4-hydroxy-2-nonenal, a product of lipid peroxidation has been shown to cause mutations of the p53 tumor suppressor gene that is associated with more than half of human cancers including HCC [11] . The inflammation caused by oxidative stress leads to an increased release of inflammatory and inhibitory cytokines including tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and nuclear factor kappa B (NF-κB) [19] . Presence of these chemical mediators leads to hepatocyte death, compensatory proliferation, and ultimately carcinogenesis.
Leptin is a pro-inflammatory adipokine that is elevated in patients with NAFLD [20] . Leptin is associated with increasing expression of pro-inflammatory cytokines like TNF-α and IL-6 [21] , and activation of Janus Kinase (JAK) [22] . It can cause tumor growth and has been associated with HCC recurrence after treatment [23] . Adiponectin is an antiinflammatory adipokine that has been shown to inhibit angiogenesis via modulation of apoptosis in an animal model. Adiponectin deficiency in obese states has been linked to carcinogenesis [24] . It is specific to adipose tissue and is decreased in insulin-resistant states, and thus may potentially play a role in development of HCC.
HCC IN NAFLD WITH ADVANCED FIBROSIS
NAFLD associated HCC occurs in patients with cirrhosis at variably reported rates. A single center cohort study reported HCC at an annual incidence of 2.6% [25] compared to a 4% incidence in those with hepatitis C related cirrhosis. Other studies have reported overall incidence of HCC in NAFLD Cirrhosis from 2.4% at 7 years to 12.8% over 3 years [26] . Given the rising incidence of NAFLD, and the advances in curative options for Hepatitis C infection, NAFLD is expected to become the leading cause of HCC in developed nations [10] . Known risk factors for HCC in cirrhotic NAFLD include male gender, age over 70, and underlying diabetes and hypertension [27] .
HCC IN NAFLD WITHOUT ADVANCED FIBROSIS
There is increasing evidence to suggest that NAFLD contributes to non-cirrhotic HCC as well [10] . Also, while the presence of hepatic steatohepatitis is an established risk factor for development of cirrhosis and HCC [28] , there are case reports of HCC complicating underlying NAFLD in the absence of hepatitis or advanced fibrosis, making associations between steatosis, steatohepatitis, cirrhosis, and HCC complex [10] . While several studies have reported HCC in noncirrhotic NAFLD the risk seems to be lower (0% to 3% over 20 years) [26] . Recent studies however have shown that non-cirrhotic HCC may be more common in NAFLD compared to other chronic liver diseases. Studies from multiple countries including United States, Japan and France of NAFLD-associated HCC have shown that a significant proportion of HCC occurs in the absence of cirrhosis in NAFLD. In a histologic analysis of resected NAFL-HCC from France the majority of patients did not have cirrhosis and 65% had stage 0-2 fibrosis [29] . In the study from Japan of 87 HCC patients only 51% had histologic cirrhosis and 28% had stage 1-2 fibrosis only [27] . In a United States veterans Study of 1500 HCC cases, 8% of the HCC cohort had NAFLD associated HCC and only 65% of the NAFLD-HCC cohort had cirrhosis (NAFLD had > 5 fold risk of HCC without cirrhosis compared to HCV related cirrhosis [30] . Several large-scale epidemiological studies have shown that there is a higher incidence of HCC in patients with obesity and diabetes, as well as poorer outcomes [10] . The relative risk of liver cancer was 117% for overweight subjects and 189% for the obese [31] , while risk of mortality in men with a BMI > 35 kg/m 2 can be as high as 4.5 times that in men with a normal BMI [15] . Similarly, presence of diabetes alone increases the risk of development of HCC three-fold [8] . Other independent risk factors for HCC in NAFLD include Said A et al . NAFLD and HCC polymorphisms in the PNPLA3 gene (I148M) [32] . In the most recent met-analysis, HFE mutation (C282Y and H63D) was also shown to be associated with HCC risk in NAFLD populations including for the H63D mutation in non-cirrhotic African populations [18] .
CLINICAL PRESENTATION AND DIAGNOSIS
In the US SEER registries 4929 cases of HCC between 2004-2009 were examined [7] . Fourteen point one percent were due to NAFLD. Patients with NAFLD-HCC were older, had more advanced tumor stage at presentation and had shorter survival time and were less likely to receive a liver transplant. These findings are seen in non-United States centers as well. In a large retrospective cohort study from Germany, of 1119 patients with HCC, those with NASH-HCC were older, had higher metabolic complications but better liver function at presentation [33] . Resection was performed in only 17.8% and transplant in 4.4% of these patient and overall survival for NAFLD-HCC was lower than that for HCV-HCC.
An Italian multicenter observational study of NAFLD-HCC vs HCV-HCC was performed [34] . Compared to HCV-HCC, NAFLD-HCC was more again likely associated with larger tumors, more infiltrative tumors and was more likely to be detected outside surveillance. Survival was significantly shorter in NAFLD-HCC (25.5 mo vs HCV-HCC (33.7 mo) regardless of tumor stage. However analysis of patients with HCC in Milan criteria sent for curative treatments showed similar survival in NASH-HCC and HCV-HCC (38.6 mo vs 41 mo).
In a study from 2 centers in the United Kingdom, 275 HCV related HCC patients were compared with 212 NAFLD related HCC patients. Patients with NAFLD-HCC had lower rates of cirrhosis and were significantly older and had larger tumors than those with HCV-HCC. Those with NAFLD-HCC were less likely to receive curative therapy than HCV-HCC including liver transplant (21/212 of NAFLD-HCC) vs 80/275 of HCV-HCC. Despite this overall survival from diagnosis was similar for NAFLD-HCC (56% at 1year and 23% at 3 years) and HCV-HCC (58% at 1 year and 21% at 3 years) [35] . The reasons for these tumor stage differences are multi-factorial. The current AASLD Guidelines recommend that patients with cirrhosis undergo regular surveillance for HCC with ultrasound every 6 mo [36] . While this may suffice in most patients with cirrhosis, patients with NASH are often obese, thus limiting the diagnostic ability of ultrasound [37] . The ITALICA study group showed that HCC was significantly less likely to be diagnosed during surveillance in patients with cryptogenic cirrhosis compared to HCV patients, translating into a greater prevalence of advanced HCC stage and poor survival [38] . MRI, therefore, may offer a better enhanced surveillance for HCC but comes at a higher cost and reduced accessibility.
Underdiagnosis of cirrhosis is a common problem as it leads to lack of screening and potentially increased stage of HCC when diagnosed resulting in worse outcomes. In a large cohort of HCC patients (1201) in the VA, 24.6% had undiagnosed cirrhosis prior to HCC diagnosis and patients with NAFLD had higher odds of having undiagnosed cirrhosis (OR = 4.77) [39] .
HCC TREATMENT IN NASH
Similar to other causes of HCC, NAFLD associated HCC occurs in the context of liver disease and liver function and portal hypertension are integral in multimodality assessment and treatment of HCC.
In addition to actual tumor stage, the severity of liver impairment also affects the available options for management of HCC. Thus, the most commonly used schema for management of HCC is Barcelona Clinic Liver Cancer (BCLC) [36, 40] which incorporates both stage of the tumor as well as disease severity of underlying liver impairment (Figure 3 ) [36] . As per current SEER data, 42.9% of patients with HCC are diagnosed at the local stage, and the 5-year survival for localized liver and intrahepatic bile duct cancer is 30.9% [5] . Curative therapies include resection for early stage HCC with thermal ablative therapies also showing comparable results for single small tumors. Liver transplantation is a good option for patients with Milan (T2) criteria tumors who have complications of [41] . Patients with larger tumors can be candidates for intra-arterial therapy including trans-arterial chemoembolization (TACE) and Y-90 radioembolization that are utilized with goals of tumor control and not always for potentially curative ends. Thus finding tumors that are small and limited to the liver offers patients the widest array of potential treatments and hope of cure [42] .
Liver transplant and resection
With the growing epidemic of NAFLD, NAFLD associated HCC is the second most common indication for liver transplant (LT) for HCC in the United States after HCV since 2006, increasing 4 fold since 2002 [43] . In this study, Wong et al [43] analyzed In a study from 2 United Kingdom liver transplant centers between 2000 and 2014, 487 patients with HCC associated with NAFLD or HCV presented to the transplant centers. 275 had HCC secondary to HCV and 212 secondary to NAFLD [35] . Patients with NAFLD were significantly older than HCV patients at time of HCC diagnosis (69.6 years vs 58.6 years). Absence of cirrhosis was more common in NAFLD patients (13%) vs HCV patients (1%). The non-cirrhotic patients were more likely to be older, have DM and had larger tumor size (likely due to non-surveillance). NAFLD patients had significantly larger tumors at presentation and were less likely to receive liver transplant than HCV-HCC patients and were more likely to receive TACE. Overall survival was however similar between NAFLD and HCV HCC at 3 years from diagnosis (21% and 23%).
Outcomes for LT for NAFLD-HCC were compared in a US study with LT for HCC-HCV and HCC-ALD. Over a 50 mo median follow up there was no difference in tumor free survival and overall survival (curative treatments vs HCV, ALD) [44] .
In an Italian study that compared resection in HCCassociated with metabolic syndrome with HCC-HCV outcomes were similar in 96 HCC-Metabolic Syndrome and 96 HCC-HCV patients after resection. All patients had Child A cirrhosis and operative mortality was 2.1% (similar between the 2 groups). Morbidity and liver failure rates were also similar and were impacted by cirrhosis need for major hepatectomy and MELD score but not by histologic steatohepatitis. Five year overall survival was better in HCC-Metabolic Syndrome vs HCC-HCV (65.6% vs 61.4%, P = 0.03) [45] . Reddy et al [44] reported 3-year survival after resection was better in NASH vs HCV-ALD patients (60.9% vs 36.2%) including on multivariable analysis. Therefore Figure 3 Barcelona clinic liver cancer staging system [36] . HCC: Hepatocellular carcinoma; TACE: Trans-arterial chemoembolization.
Said A et al . NAFLD and HCC curative treatments like resection are an acceptable treatment for NASH patients.
Locoregional therapies
Liver-directed therapy with percutaneous ablation is a frontline therapeutic option in patients with HCC in its early stage. These options include ablation by chemical agents (acetic acid or ethanol) or by heat (radiofrequency, microwaves, laser, or cryotherapy). The efficacy of these therapies is followed by contrast-enhanced CT scan, with lack of contrast uptake suggestive of adequate response [36] . NASH-HCC outcomes with ablation are reported to be as efficacious as HCV-HCC or ALD-HCC [44] .
Non-curative options
TACE and Sorafenib are available non-curative options for HCC [36, 40] . TACE may sometimes be employed to downstage a tumor prior to use of transplantation as a curative option.
Chemoprevention
Given the current limitation in treatment options, there is currently an interest in targeting the known molecular pathways as treatment options for HCC. NAFLD and obesity associated HCC has been linked to oxidative stress, hyperinsulinemia, and chronic inflammation. Addressing metabolic syndrome can be a preventative measure against development of HCC. These options include, but are not limited to, exercise, weight loss, and optimal control of diabetes, and hypertension, if present. In fact, one study showed a lower relative risk of developing HCC in vigorously active subjects compared to those with a sedentary lifestyle [46] . This reduction in risk was found to be independent of BMI.
In preliminary studies, dietary antioxidants like, vitamin C and E, selenium and coenzyme Q, vitamin D supplementation, and a Mediterranean diet have been shown to prevent hepatic carcinogenesis [47] . This is of particular interest given the known role of antioxidants in limiting and even reverting fibrosis in patients with NASH [48] . Similarly, the use of metformin, known to reduce insulin resistant and subsequent steatohepatitis, has been shown to be associated with reduced incidence of HCC in diabetic patients [47] . In animal models anti-inflammatory and antioxidant compounds like green tea, BCAA and acyclic retinoids have shown promise in preventing HCC. BCAA supplementation in cirrhosis is associated with improvements in insulin resistance and inhibition of IGF-1 and IGF-2 expression in the db/db obese mouse liver and reduced expression of liver cancers [49] . In Human study long term supplementation with BCAA reduced HCC in obese patients with cirrhosis [50] . Green tea extracts have been associated with beneficial effects on weight loss, insulin resistance and inflammatory cytokines in animal models [51] . In animal models beneficial effects on carcinogenesis have been reported as well by modulation of tyrosine kinase and Pi13/AKT pathways [52] and in reducing hepatic tumors in DEN treated db/db/mice.
With green tea extracts no human data have been published showing efficacy. Acyclic Retinoids derivates of vitamin A exert their effect through nuclear receptors including RXRalpha, which is found in abundant supply in human liver. Supplementation of retinoids has shown beneficial effects in maintaining hepatocyte homeostasis in hepatocyte carcinogenesis [53] . In a long term human study acyclic retinoids reduced the chance of HCC recurrence and death by 40% [54] . Given the significant association of diabetes with HCC, metformin has been studied in cohort and case-control studies and a metaanalysis showed a significantly reduced risk of HCC with metformin use in diabetics [55] .
CONCLUSION
In summary, there is indisputable evidence showing the increased risk of HCC in patients with NAFLD regardless of the presence of advanced fibrosis and steatohepatitis. Patients with HCC and NAFLD are increasing more rapidly than any other indication for liver transplantation. Patients with NAFLD are candidates for curative and noncurative therapies with encouraging results.
Diagnosing HCC in advanced stages of tumor or liver disease can render curative options futile and call for development of alternate guidelines for enhanced HCC surveillance in patients with metabolic syndrome. The current challenges include developing optimal surveillance options in targeted populations. There is also a huge potential in development of therapies targeting NASH and molecular pathways as preventive options for HCC in patients with cirrhosis in general and NAFLD in particular.
